Background: Viper envenomation contributes to nearly 50% of snake-bite deaths in India, chiefly due to circulatory shock. The mechanisms leading to circulatory shock include bleeding, capillary leak syndrome (CLS) and myocardial depression. Pituitary-adrenal axis involvement in circulatory shock, though described, has not been fully elucidated. Aim: To identify predictors of circulatory shock and mortality in viper envenomation and explore the role of pituitaryadrenal axis in circulatory shock. Design: Prospective hospital-based observational study. Methods: Once a syndromic diagnosis of viper envenomation was made, relevant clinical and laboratory data were collected. Serum cortisol was estimated in those with circulatory shock. Post-mortem examination of pituitary, kidneys and adrenals was performed. Adjusted odds-ratios were calculated for respective risk-factors for shock and mortality using multivariable logistic regression with backward elimination strategy. Results: Of 248 patients of viper envenomation treated at our hospital, circulatory shock was present in 19% and in-hospital mortality was 23%. CLS, circulatory shock, bleeding and requirement of > 20 vials of antivenom predicted mortality. Ischaemic and haemorrhagic necrosis of pituitary or adrenals was present in 51% of post-mortem specimens. Disseminated intravascular coagulation (DIC) and CLS were strong predictors of pituitary haemorrhage. Conclusion: Predictors of mortality -bleeding, CLS and requirement of high antivenom doses are warning signs which can alert clinicians to patients who may have poor outcomes. Our study points to a definite role of pituitary-adrenal axis in circulatory shock supports the hypothesis that pituitary involvement in viper envenomation closely resembles Sheehan
Introduction
Snake bite is a neglected public-health problem with an annual worldwide mortality of 1 37 880. 1 India has one of the highest snake bite deaths in the world. 2, 3 Envenomation by viperidae (Russell's, saw-scaled and hump-nosed pit viper) accounts for up to 70% of snake bite mortality. 4, 5 Reported mortality in viper envenomation varies from 2.6%-51%. 6, 7 Mortality in viper envenomation is linked to circulatory shock which develops in about 35% of those envenomed. 8 The exact mechanisms involved remain to be fully elucidated. 9 Hypotension is secondary to bleeding, fluid extravasation due to venom induced capillary leak syndrome (CLS) and direct myocardial inhibition. 9, 10 Venom affects blood vessels at various locations resulting in toxicity at the bite-site, kidneys, myocardium and neural synapses (Russell's viper). Venom phospholipases/metalloproteinases have anticoagulant activity while procoagulant peptides activate clotting factors and mediate platelet reduction. Additionally, a Sheehan-like syndrome of pituitary hypoperfusion and apoplexy in the setting of disseminated intravascular coagulation (DIC) and CLS is hypothesized to cause acute adrenal insufficiency, contributing to circulatory shock. [11] [12] [13] [14] Very few studies have explored this mechanism of circulatory shock in viper envenomation. The objectives of this study were to identify clinical predictors of circulatory shock and mortality and to explore the role of pituitary-adrenal axis (HPA) in circulatory shock using two strategies: serum cortisol response to acute stress of hypotension and postmortem histopathological examination of adrenal and pituitary glands.
Materials and methods
This prospective hospital-based observational study was conducted from September 2011 to August 2013 on patients with snake bite presenting to the emergency medical services of JIPMER, Puducherry-a tertiary care referral hospital at Pondicherry, India. The study conformed to Helsinki Declaration and the Indian Council of Medical Research (ICMR) guidelines for biomedical research. Study protocol was approved by Institutional Ethics Committee. Informed consent was taken from the patients or the legal guardian of patients younger than 18 years. Patients were explained upfront that services provided to them will not be affected in any way if they chose not to participate in the study. The sample size was estimated to be 160, using a prevalence of 35% circulatory shock in viper envenomation. 8 An alpha value (probability of type I error) of 5% was taken which yielded a two-tailed Z value of 1.96. The maximum accepted absolute deviation of 5% was taken and substituted in standard equation for calculating sample size based on prevalence. 15 
Inclusion and exclusion criteria
Patients over 13 years of age with snake bite and any one of the following were included:
1. Overt bleeding manifestations 2. Whole blood clotting (WBCT 20) > 20 minutes at admission, 3. Swelling of more than half of the bitten limb with any bleeding/clotting abnormality 4. Snake identified as viper species at hospital by the investigators -in case the dead snake was brought by the patient.
These criteria are based on syndromes 1, 2 and 5 in WHO guidelines. 10 The relevant syndromic diagnostic criteria used are-Syndrome 1 (All viperidae): Local envenoming (swelling) with bleeding/clotting disturbances. 
Data collection
The time and site of bite, antivenom administration prior to admission and demographical details were recorded by interviewing the patient. Patients were examined for signs of increased capillary permeability, severity of local envenomation, bleeding, renal dysfunction and DIC (Table 1) . 17 WBCT 20 was performed at admission and repeated every 6 h if found positive. Patients with WBCT > 20 min or swelling > half of the bitten limb or overt bleeding received Indian Polyvalent antivenom (VINS Bioproducts Ltd, Hyderabad, India). Initial dose of antivenom was 70 ml followed by 30 ml every 6 h till two consecutive WBCT 20 were negative (Total dose not exceeding 300 ml). 10, 18 For those with severe local envenomation, 50 ml of antivenom was given as a single dose. For a negative WBCT 20 at admission, the test was repeated every 6 h for 24 h. Adrenocortical insufficiency in patients with circulatory shock was evaluated by estimating random serum cortisol (Adiva Centuar V R Immunoassay System by chemi-luminescence method, Siemens, Germany). A random serum cortisol < 10 mcg/dl was considered to be acute adrenal insufficiency in the setting of circulatory shock. 16 Those with suboptimal adrenal response were treated with replacement doses of hydrocortisone. Autopsy and histopathological examination of kidneys, adrenals and pituitary were performed within 24-48 h in case of death.
Statistical analyses
Univariable analysis of clinically important risk factors was performed for predicting circulatory shock and mortality. Multivariable logistic regression for those risk factors with a P < 0.10 on univariate analysis was performed. Adjusted oddsratios with 95% confidence intervals were calculated using multivariable logistic regression with backward elimination strategy to address colinearity issues. Statistical analysis was done using SPSS 17.0 (SPSS Inc., Chicago, IL USA).
Results
Out of the 449 snake-bite patients admitted in the study period, 248 satisfied the inclusion criteria and consented to participate in this study ( Figure 1 ). Majority of the bites occurred in young men employed in the agricultural sector (70%), especially during March to May, lower limb bites being most common (83%). Fiftythree of 248 patients brought a dead snake to the hospital-36 Russell's and 17 saw-scaled vipers were identified ( Figure 2 ). All presented to our institute within 48 h of the bite and 141 patients (57%) received antivenom within 6 h of bite ( Figure 3 ). Bite to antivenom time did not increase risk for circulatory shock, renal dysfunction or mortality but patients who received antivenom after 6 h had higher risk of severe local envenomation (OR: 3.21 95% CI 1.67-6.26). Almost all patients had local envenomation, two-thirds had renal dysfunction and half experienced bleeding from at least one site (Table 2 and Figure 3) . CLS, circulatory shock and DIC were present in 23%, 19% and 14% patients respectively. Three patients were dialysis dependent at discharge with renal biopsy revealing acute tubular necrosis in one patient. Presence of CLS secondary to snake bite and overt bleeding were independent predictors of circulatory shock (Supplementary  Appendix Table S1 ). Patients with circulatory shock were managed chiefly using crystalloids to maintain a CVP of 8-10 cm. Additional colloids were used in 15% (7/48) patients and inotropes were required in 81% (39/48), with noradrenaline being the first choice. Twelve (63%) of the circulatory shock patients in whom cortisol estimation was done (19/48, 40%), had acute adrenal insufficiency. Additionally hypopituitarism was diagnosed in 4/5 patients who had hypoglycemia, hypotension and hyperkalemia. Presence of clinical evidence of conjunctival chemosis, parotid swelling or periorbital puffiness with any 2 of the following: Clinical or sonological evidence of pleural effusion or ascites, serum albumin of <2.5 g/dl, albuminuria and hematocrit above 36% in women and 45% in men. 4 Renal Dysfunction Arbitrarily defined as serum creatinine > 2.0 mg/dl for this study 5
Severe local envenomation Swelling involving more than one half of the bitten limb. Bites involving the face/trunk Figure 1 . Enrolment and outcomes of the study.
In-hospital death occurred in 57 patients (23%). Development of circulatory shock, CLS and requirement of >20 vials antivenom were independent predictors of mortality (Tables 3 and 4) . Autopsies were performed in 52 (91%) patients who died in hospital. About 46% of pituitary specimens had either ischemic or hemorrhagic necrosis (Figure 4) . Bilateral adrenal hemorrhagic (25%) and ischemic necrosis (6%) were observed ( Figure 4) . Risk for pituitary necrosis/hemorrhage was higher in patients with DIC (OR: 1.722, 95% CI: 1.0 -2.9, P ¼ 0.04) and CLS (P < 0. 0001 Fischer's exact test) ( Table 5) . Postmortem kidney findings were present in 51 of 52 specimens with acute tubular necrosis being the most common finding (36/51-71%) followed by interstitial nephritis (24%) and renal capillary fibrin micro-thrombi (12%) (Supplementary  Appendix Tables S2 and S3) .
Discussion
Circulatory shock, CLS and requirement of high-dose antivenom are clinical predictors of mortality in viper envenomation. The involvement of HPA in the acute phase is supported by histopathological evidence from post-mortem examination of the glands and inadequate adrenal response assessed by serum cortisol estimation.
The clinico-epidemiological characteristics of viper envenomation patients such as age, gender, socio-economic status, site, timing of bite, time to antivenom administration are similar to other studies from the South Asia region confirming that it is primarily an occupational hazard in the agricultural sector affecting young people of economically productive age group, resulting in considerable loss of productivity. Occurrence rates of local envenomation, bleeding, DIC and renal dysfunction mirrored findings from the South-Asian region. 6, 19, [22] [23] [24] The reported frequency of circulatory shock is 15-35% as compared to 19% in our study. 7, 8 In our study, CLS and overt bleeding have emerged as strong predictors of adverse outcomes. This is not surprising as both eventually cause intravascular volume depletion and hypoperfusion. Clinical recognition of both these signs-which manifest early in the course of the illness is important to intervene early with fluid or transfusion support. Four patients with CLS also had acute angle closure glaucoma which has been reported infrequently with Russell's viper. 25, 26 Mortality (23%) is higher than usually reported in this region but comparable to some centers with dialysis facilities. 7, 19, 24 High mortality is partly explained by our tertiary care referral hospital setting and inclusion criteria of severely envenomed. Additionally, two other explanations need considerations. First, the failure of Indian Polyvalent Antivenom prepared from a single venom source, to address the geographic intraspecific variations in viper venom composition. Second, quality variations between batches of Indian Antivenom. Both result in incomplete neutralization of viper venom. 10, 27 These explanations are also supported by the finding that a third of our patients required high doses of antivenom which can be considered as a marker of antivenom responsiveness. Another explanation, though less likely, is of hump-nosed pit viper envenomation. The Indian polyvalent antivenom does not neutralize this venom. We consider this unlikely as hump nosed pit viper has never been reported from the eastern coast of India while it contributes to significant burden in the western coast. 28 The clinical predictors of mortality were circulatory shock, CLS, bleeding and requirement of high dose antivenom. Whereas renal dysfunction and bite to antivenom time are two factors which have been reported as predictors in prior studies, did not prove significant in the present study. 5, 19 Better availability of dialysis facilities may explain why renal dysfunction was not a significant mortality predictor. Sixty percent of our patients had received early antivenom within first 6 h while 17% received it within one hour. As mentioned above, the issue of antivenom responsiveness may explain why receipt of early antivenom did not make much difference to mortality. Sub-optimal adrenocortical response was observed in 63% of shock victims in whom it was estimated. As 40% of those with circulatory shock had received corticosteroids prior to admission, number of serum cortisol estimations was limited to 19, 4 of whom had acute pituitary insufficiency as well. Despite the small numbers examined, our findings suggest HPA dysfunction in circulatory shock. This acute pituitary failure pattern has been previously reported in 9 patients in India. 29 A study from Sri Lanka confirmed acute adrenal insufficiency due to pituitary failure by demonstrating low ACTH levels in one patient. A second factor which has been implicated in haemorrhagic necrosis of pituitary is-DIC causing fibrin microvascular deposits. 11,32 Our findings lend support to both these hypotheses in several ways. First, fibrin thrombus was directly observed in one specimen. Second, those with ante-mortem DIC had significantly higher risk of pituitary necrosis. Finally, all patients who developed pituitary necrosis had CLS. Pituitary edema secondary to CLS is believed to increase its susceptibility to injury by shock or DIC. 30 Till date adrenal haemorrhage has been reported only infrequently. 32 The mechanism is considered similar to that of anterior-pituitary by DIC. The limitations of this study are that we have applied syndromic diagnosis rather than species identification. Also, serum cortisol response to shock was used as an indicator of adrenocortical response whereas an ACTH stimulation test would have been a better alternative. Finally, we did not plan for follow up of discharged patients which could have yielded valuable information on long-term outcomes. Further studies with trial of hydrocortisone replacement in viper envenomation may provide answers to mortality benefits.
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Conclusion
Overt bleeding, CLS and requirement of high doses of antivenom are predictors of mortality in viper envenomation patients. There is a definite role of HPA in the pathogenesis of circulatory shock in viper envenomation. DIC and CLS appear to be mediators of this pituitary involvement.
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Supplementary material is available at QJMED online.
